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ABSTRACT 

The i n j e c t e d  w e i g h t  c a p a b i l i t y  f o r  manned f l y b y  
m i s s i o n s  u s i n g  e l l i p t i c  e a r t h  o r b i t  r e n d e z v o u s  and  S-IVC 
i n j e c t i o n  s t a g e s  i s  e s t i m a t e d  for u p r a t e d  S a t u r n  V ' s  which  
have  a c a p a c i t y  of  340,000 l b s .  to a 1 0 0  n a u t i c a l  m i l e  c i r c u l a r  
o r b i t .  It i s  found  t h a t  a s p a c e c r a f t  o f  be tween 175 ,000  and  
2 1 0 , 0 0 0  l b s .  g r o s s  w e i g h t ,  depend ing  on w h e t h e r  t w o - s t a g e  or 
t h r e e - s t a g e  l a u n c h  v e h i c l e s  a r e  u s e d ,  c a n  be  i n j e c t e d  on t h e  
1977 t r i p l e - p l a n e t  f l y b y  w i t h  a t o t a l  o f  t h r e e  l a u n c h e s .  T h i s  
r e s u l t  i s  based  on t h e  u s e  of S-IVC w i t h  s t a n d a r d  p r o p e l l a n t  
c a p a c i t y .  If r e s t r i c t e d  t o  c i r c u l a r  o r b i t  r e n d e z v o u s ,  t h e  gross 
s p a c e c r a f t  w e i g h t  c a n n o t  exceed  a b o u t  1 6 5 , 0 0 0  l b s .  even  i f  t h e  
S-IVC p r o p e l l a n t  c a p a c i t y  i s  s t r e t c h e d  t o  a b o u t  2 8 0 , 0 0 0  l b s .  
( w i t h  s t a n d a r d  S-IVC p r o p e l l a n t  c a p a c i t y  t h e  p a y l o a d  would b e  
o n l y  a b o u t  1 3 0 , 0 0 0  l b s . ) .  With a f o u r t h  l a u n c h  and  c i r c u l a r  o r b i t  
r e n d e z v o u s ,  t h e  p a y l o a d  would b e  1 9 6 , 0 0 0  - 240,000 l b s .  d e p e n d i n g  
on S-IVC p r o p e l l a n t  c a p a c i t y .  

S i m i l a r  c a l c u l a t i o n s  have  been  c a r r i e d  o u t  f o r  s t a n d a r d  
( n o n - u p r a t e d )  S a t u r n  V ' s  b y  D o u g l a s  A i r c r a f t .  T h e i r  r e s u l t s  
a l s o  i n d i c a t e  s u b s t a n t i a l  g a i n s  t h r o u g h  t h e  u s e  o f  e l l i p t i c  
o r b i t  r e n d e z v o u s  e . g . ,  40,000 l b s .  g r ea t e r  p a y l o a d  f o r  t h e  same 
number o f  l a u n c h e s .  By combining s u b o r b i t a l  s t a r t  o f  t h e  S-IVC 
w i t h  e l l i p t i c  o r b i t  r e n d e z v o u s ,  f o u r  l a u n c h e s  o f  n o n - u p r a t e d  
S a t u r n  V's p e r m i t  i n j e c t i o n  of a 2 0 0 , 0 0 0  l b .  s p a c e c r a f t  on  t h e  
1 9 7 7  t r i p l e - p l a n e t  f l y b y .  
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MEMORANDUM FOR F I L E  

I n t r o d u c t i o n  

E l l i p t i c  o r b i t  r endezvous  a l l o w s  t h e  u s e  o f  e a c h  l a u n c h  
v e h i c l e  t o  i t s  maximum pe r fo rmance  c a p a b i l i t y ,  r a t h e r  t h a n  
a r b i t r a r i l y  c u t t i n g  i t  o f f  and s t a g i n g  i n  a low a l t i t u d e  c i r c u l a r  
o r b i t .  Two-stage S a t u r n  V ' s  c a n  p l a c e  a g r o s s  p a y l o a d  o f  a b o u t  
275,000 l b s .  ( g r e a t e r  f o r  u p r a t e d  v e r s i o n s )  i n  a 1 0 0  n a u t i c a l  
m i l e  o r b i t ,  e . g . ;  i f  t h e  s p a c e c r a f t  w e i g h t  i s  l e s s  t h a n  t h i s ,  
t h e n  some of t h e  p e r f o r m a n c e  c a p a b i l i t y  o f  t h a t  l a u n c h  v e h i c l e  
g o e s  t o  w a s t e  as l o n g  as r endezvous  and  assembly  o p e r a t i o n s  
t a k e  p l a c e  i n  low c i r c u l a r  o r b i t .  S i m i l a r l y ,  a f u l l y  l o a d e d  
( u n s t r e t c h e d )  S-IVC we ighs  about  287,000 l b s . ,  i n c l u d i n g  a f t  
i n t e r s t a g e  and  I U ,  s o  t h a t  u p r a t e d  S a t u r n  V's w i t h  g r e a t e r  
p a y l o a d - t o - l o w - o r b i t  c a p a b i l i t y  would n o t  b e  f u l l y  u t i l i z e d  i f  
t h e y  were  used  t o  p l a c e  S-IVC's i n  low c i r c u l a r  o r b i t .  

S u b s t a n t i a l l y  improved o v e r a l l  p e r f o r m a n c e  c a n  b e  
a t t a i n e d  i f  t h e  s p a c e c r a f t  i s  p l a c e d  i n  t h e  h i g h e s t  e n e r g y  
e l l i p t i c  o r b i t  w i t h i n  t h e  l aunch  v e h i c l e  c a p a b i l i t y  for t h a t  
w e i g h t ,  and  r e n d e z v o u s i n g  w i t h  t h e  S-IVC i n j e c t i o n  s tages  i n  
t h a t  o r b i t .  The r e l a t i v e  improvement a s s o c i a t e d  w i t h  e l l i p t i c  
o r b i t  r e n d e z v o u s  depends  upon t h e  m i s s i o n  v e l o c i t y  r e q u i r e m e n t ,  
l a u n c h  v e h i c l e  c a p a b i l i t y ,  and number o f  l a u n c h e s .  S p e c i f i c  
examples  a r e  g i v e n  i n  t h i s  memorandum. 

U p r a t e d  S a t u r n  V - 340 K t o  Low O r b i t  

A s  one  example ,  a n  u p r a t e d  S a t u r n  V w i t h  t h e  f o l l o w i n g  
f e a t u r e s  was s e l e c t e d :  

S t r e t c h e d  S-IC s t a g e  

F-1 e n g i n e s  u p r a t e d  t o  1 . 8  x 1 0  pounds t h r u s t  
6 

Upra ted  J-2s - 434 s e e .  I s p  @ 2 3 5 , 0 0 0  l b s .  t h r u s t .  

T h i s  v e h i c l e  i s  estimated t o  have  a c a p a b i l i t y  o f  a b o u t  340 ,000  
pounds  ( e v e r y t h i n g  above  t h e  S - I 1  s t a g e )  t o  a 1 0 0  n a u t i c a l  m i l e  
c i r c u l a r  o r b i t  i n  t h e  two-s tage  v e r s i o n ,  or a b o u t  127,000 l b s .  
t o  t r a n s - l u n a r  i n j e c t i o n  (above  t h e  I U )  i n  t h e  t h r e e - s t a g e  
v e r s i o n .  With t hese  as r e f e r e n c e  f i g u r e s ,  p a y l o a d - v e l o c i t y  
c u r v e s  were est imated for t h e  two and  t h r e e - s t a g e  v e r s i o n s  by 
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calculating the variation of ideal AV with payload weight. 
These curves, shown in Figure 1, do not account for the variation 
in gravity losses with payload weight. The payload shown for 
the two-stage version includes everything above the S-I1 stage, 
i.e., IU, aft interstage on the S-IVC, etc. are included as 
part of this payload. The three-stage payload includes everything 
above the IU. Also  shown in Figure 1 are the orbit period and 
apogee altitude associated with a given payload and velocity. 

A weight breakdown for the S-IVC is given below. This 
is based on a weight statement given by MSFC at the March, 1967 
J A G  meeting, with two exceptions: (1) it is assumed here that 
all IU's are jettisoned before leaving earth orbit, (2) the 
S-IVC is fully loaded, with about 213,500 l b s .  of main-burn 
propellant and an additional 16,500 lbs. of propellant allowed 
for idle-mode, boiloff, transients, and residuals. 

S-IVC Weight Breakdown 

Main-Burn Propellants 

Stage Dry Weight 

Residuals 

213,500 

33,400 (Includes Forward 
APS Modules) 

2,500 

Jettison Before S-IVC First Burn 
(Aft Interstage and Nose Fairing) 

Jettison Before OLV Assembly (IU; 
Aft APS Modules and APS Propellant; 
Transients, Idle Mode, and Boiloff 

10,400 

Propellants ) 26,700 

TOTAL 286,500 

It was assumed that for circular orbit rendezvous, 
4,100 l b s .  of the main-burn propellant is used for circularization 
in a 263.5 nautical mile circular orbit, so that 209;400 lbs. 
remains for the out-of-orbit injection. 

Mission Profile 

It is assumed that in elliptic orbit rendezvous the 
spacecraft is injected into the maximum eccentricity 0rbj.t (with 
perigee altitude of 100 nautical miles) which the launch vehicle 
is capable of. 
spacecraft in this orbit; an S-IVC burn is generally required to 
reach this orbit since the launch vehicle itself cannot in 
general inject a fully-loaded S-IVC into that high an orbit. 
The mission sequence for each launch is as follows [parentheses 
indicate S-IVB rather than S-I1 if a three-stage rather than 
two-stage launch vehicle is used]: 

Each S-IVC rendezvous seDarately with the 
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2 .  Shutdown o f  S - I 1  ( S - I V B )  i n  100 n a u t i c a l  m i l e  c i r c u l a r  
o r b i t .  

3 .  Coas t  ( o r  r u n  J-2s on i d l e  mode) i n  t h e  c i r c u l a r  o r b i t  
f o r  l e s s  t h a n  one  r e v o l u t i o n - - c o a s t  t i m e  i s  d e t e r m i n e d  
by i n e r t i a l  d i r e c t i o n  o f  l i n e  of aps ides  o f  t h e  e l l i p t i c a l  
r e n d e z v o u s  o r b i t ,  which i s  i n  t u r n  d e t e r m i n e d  by t h e  
d i r e c t i o n  and  magni tude  o f  t h e  h y p e r b o l i c  e x c e s s  
v e l o c i t y  v e c t o r  f o r  t h e  s p e c i f i e d  m i s s i o n .  

4. Restar t  S - I1  (S-IVB), b u r n i n g  t o  d e p l e t i o n  and separa te  
S-IVC. I n  t h e  c a s e  of  S - I 1  i d l e  mode o p e r a t i o n ,  o n l y  
one  or p e r h a p s  two J-2S's would be k e p t  r u n n i n g  and  
t h e n  b r o u g h t  up t o  f u l l  t h r u s t  f o r  t h i s  phase .  The 
S-IVC i s  now on an  i n t e r m e d i a t e  e l l i p t i c a l  o r b i t ,  
t y p i c a l l y  o f  2-1/2 h o u r s  or l ess  o r b i t  p e r i o d  and  
apogee  a l t i t u d e  between a b o u t  1 , 0 0 0  - 3 , 0 0 0  n a u t i c a l  
mi l e s .  

5 .  F i r s t  S-IVC b u r n  f o r  s e l f - t r a n s f e r  o f  t h e  S-IVC t o  
t h e  r e n d e z v o u s  o r b i t .  

The sequence  f o r  t h e  s p a c e c r a f t  l a u n c h  i s  t h e  same 
e x c e p t  t h a t  i t  i s  o f  c o u r s e  i n j e c t e d  d i r e c t l y  i n t o  t h e  r e n d e z v o u s  
o r b i t  by  t h e  S - I1  (S-IVB) second b u r n .  For a 1 8 0 , 0 0 0  l b .  
s p a c e c r a f t ,  e . g . ,  t h i s  rendezvous  o r b i t  would have  a p e r i o d  of 
be tween a b o u t  4-6 h o u r s  and apogee a l t i t u d e  of  6 , 0 0 0  - 12 ,000  
n a u t i c a l  mi l e s ,  d e p e n d i n g  on whether t h e  l a u n c h  v e h i c l e  i s  two 
or t h r e e  s t a g e s .  

The S - I 1  d o e s  n o t ,  o f  c o u r s e ,  p r e s e n t l y  have  r e s t a r t  
c a p a b i l i t y .  With c o n v e r s i o n  to J-2s ( e i t h e r  u p r a t e d  o r  non- 
u p r a t e d )  however ,  t h i s  would n o t  a p p e a r  t o  b e  a m a j o r  s tage  
m o d i f i c a t i o n .  

6 .  Af te r  r e n d e z v o u s ,  t h e  S-IVC's a r e  docked  i n  s e r i e s  t o  
t h e  s p a c e c r a f t .  

7 .  Each S-IVC i s  t h e n  r e s t a r t e d ,  bu rned  to d e p l e t i o n ,  
and  j e t t i s o n e d  b e f o r e  i g n i t i o n  o f  t h e  n e x t  o n e ,  
c o m p l e t i n g  t h e  p l a n e t a r y  i n j e c t i o n  maneuver .  

R e s u l t s  

P a y l o a d - v e l o c i t y  c u r v e s  f o r  two and t h r e e - l a u n c h  
e l l i p t i c a l  o r b i t  r e n d e z v o u s  m i s s i o n s  a r e  shown i n  F i g u r e  2 ,  for 
c a s e s  where e i t h e r  two-s t age  or t h r e e - s t a g e  u p r a t e d  S a t u r n  V ' s  
a re  used  f o r  e a c h  l a u n c h .  F o r  c a s e s  o f  mixed two and th ree -  
s t a g e  l a u n c h  v e h i c l e s ,  s u c h  a s  i f  t h e  s - I V C ' s  were l a u n c h e d  
w i t h  t w o - s t a g e s  and t h e  s p a c e c r a f t  w i t h  a three-s tage ,  t h e  
r e s u l t s  would b e  i n t e r m e d i a t e .  The i d e a l  AV r e q u i r e m e n t s  
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i n c l u d i n g  l a u n c h  window a l l o w a n c e  f o r  t h e  1 9 7 5  Venus l i g h t s i d e ,  
1975  Mars t w i l i g h t ,  and 1 9 7 7  t r i p l e - p l a n e t  f l y b y  m i s s i o n s  a r e  
i n d i c a t e d  on t h e  v e l o c i t y  s ca l e .  

G r a v i t y  l o s s e s  were a c c o u n t e d  f o r  i n  a n  a p p r o x i m a t e  
manner based on p r e v i o u s l y  g e n e r a t e d  c u r v e s  f o r  g r a v i t y  loss 
AV v s .  i d e a l  AV and i n i t i a l  t h r u s t - t o - w e i g h t  r a t i o  f o r  e s c a p e  
f rom a c i r c u l a r  o r b i t .  The f o l l o w i n g  a s s u m p t i o n s  were made i n  
t h i s  a c c o u n t i n g :  

1. T h r u s t  o f  t h e  J-2s u s e d  i n  t h e  S - I V C  i s  2 3 5 , 0 0 0  l b s .  
Be t t e r  pe r fo rmance  might  be  a t t a i n e d  o p e r a t i n g  a t  
h i g h e r  t h r u s t  and  lower  I s p .  

2 .  G r a v i t y  l o s s e s  d u r i n g  t h e  S - I V C  f i r s t  b u r n  ( s e l f -  
t r a n s f e r  t o  t h e  r endezvous  o r b i t )  a re  n e g l i g i b l e  
s i n c e  i n i t i a l  t h r u s t / w e i g h t  i n  t h i s  phase i s  
a p p r o x i m a t e l y  . 8 5 .  

3. T o t a l  g r a v i t y  l o s s e s  d u r i n g  t h e  e a r t h  e s c a p e  i n j e c t i o n  
from t h e  r endezvous  o r b i t  w i t h  m u l t i p l e  S - I V C ' s  i n  
s e r i e s  are  t h e  same as a s i n g l e - s t a g e  i n j e c t i o n  from 
a 1 0 0  n a u t i c a l  m i l e  c i r c u l a r  o r b i t  f o r  t h e  same i d e a l  
AV and  T/Wo. T h i s  a c t u a l l y  o v e r - e s t i m a t e s  t h e  l o s s e s  
s i n c e  ( a )  i t  i s  known t h a t ,  f o r  a g i v e n  AV, t h e  g r a v i t y  
l o s s e s  d e c r e a s e  w i t h  i n c r e a s i n g  o r b i t  e c c e n t r i c i t y  i f  
t h e  p o s i t i o n  r e l a t i v e  t o  p e r i a p s e  a t  which t h e  b u r n  
i s  s t a r t e d  i s  o p t i m i z e d ,  and  ( b )  t h e  s t e p - c h a n g e  
i n  w e i g h t  r e s u l t i n g  from j e t t i s o n i n g  S-IVC's w i l l  
s l i g h t l y  d e c r e a s e  l o s s e s .  

The  r e s u l t s  i n d i c a t e  t h a t  a l l  o f  t h e  manned f l y b y  m i s s i o n s  
i n  t h e  b a s e l i n e  J A G  program can  q u i t e  l i k e l y  b e  a c c o m p l i s h e d  
w i t h  no more t h a n  t h r e e  l a u n c h e s ,  u s i n g  t h i s  v e r s i o n  o f  S a t u r n  V 
u p r a t i n g  p l u s  e l l i p t i c  o r b i t  r e n d e z v o u s ;  t h e  Venus f l y b y  m i s s i o n s  
( s i n g l e - p l a n e t )  c a n  be accompl i shed  w i t h  o n l y  two l a u n c h e s .  The 
p a y l o a d  i s  a p p r o x i m a t e l y  175 ,000  - 2 1 0 , 0 0 0  l b s .  f o r  t h e  1 9 7 7  
t r i p l e - p l a n e t  m i s s i o n  w i t h  t h r e e  l a u n c h e s  and 1 6 5 , 0 0 0  - 200 ,000  
l b s .  f o r  t h e  Venus m i s s i o n  w i t h  two l a u n c h e s ,  d e p e n d i n g  on whe the r  
t h e  l a u n c h  v e h i c l e s  have  two or t h r e e  s tages .  These r e s u l t s  a re  
based on what a re  b e l i e v e d  t o  b e  c o n s e r v a t i v e  es t imates  o f  
l a u n c h  v e h i c l e  and S-IVC pe r fo rmance .  It s h o u l d  b e  n o t e d ,  however ,  
t h a t  t h e  t h r e e - s t a g e  S a t u r n  V i s  p r e s e n t l y  s t a c k - l i m i t e d  t o  
a b o u t  1 1 0 , 0 0 0  l b s .  p a y l o a d  w e i g h t ,  and i t  r e m a i n s  t o  b e  d e t e r m i n e d  
what l a u n c h  v e h i c l e  m o d i f i c a t i o n s  would b e  r e q u i r e d  t o  c a r r y  nuch 
h e a v i e r  p a y l o a d s ,  e . g . ,  a n  S-IVC, on t o p  o f  t h e  S-IVB. 

Compara t ive  r e s u l t s  u s i n g  a 263 .5  n a u t i c a l  m i l e  c i r c u l a r  
p a r k i n g  o r b i t  a re  shown i n  F i g u r e  3 .  It i s  i m p o r t a n t  t o  f i r s t  
n o t e  t h a t  s i n c e  t h e  S-IVC weighs o n l y  a b o u t  287,000 l b s .  f u l l y  
l o a d e d  i n c l u d i n g  I U  and  a f t  i n t e r s t a g e ,  t h e r e  would b e  no p o i n t  
i n  u p r a t i n g  t h e  S a t u r n  V beyond t h i s  p o i n t  w i t h o u t  i n c r e a s i n g  
t h e  S-IVC p r o p e l l a n t  c a p a c i t y  i f  r e s t r i c t e d  t o  c i r c u l a r  o r b i t  
r e n d e z v o u s .  
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T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  3,  where  c i r c u l a r  o r b i t  
r e n d e z v o u s  r e s u l t s  a r e  shown compar ing  t h e  u s e  o f  " s t a n d a r d "  
S-IVC and a s t r e t c h e d  S-IVC w i t h  a n  a d d i t i o n a l  51 ,700  l b s .  o f  
p r o p e l l a n t  c a p a c i t y .  A d d i t i o n a l  s t a g e  i n e r t  w e i g h t  was assumed 
t o  b e  3 . 5 %  o f  t h e  added  p r o p e l l a n t  w e i g h t .  With t h r e e  l a u n c h e s ,  
e . g . ,  o n l y  a b o u t  145 ,000  l b s .  c o u l d  b e  i n j e c t e d  on t h e  Mars 
t w i l i g h t  f l y b y  m i s s i o n  u s i n g  s t a n d a r d  S-IVC's;  t h i s  i s  o f  c o u r s e  
t h e  same whe the r  t h e  l a u n c h  v e h i c l e  h a s  340,000 l b s .  p a y l o a d  
c a p a c i t y  t o  low c i r c u l a r  o r b i t  or o n l y  287,000 l b s .  ( " s t a n d a r d "  
S-IVC g r o s s  w e i g h t ) .  With t h e  S-IVC s t r e t c h e d  s o  t h a t  i t s  
g r o s s  w e i g h t  e q u a l s  t h e  pay load  c a p a b i l i t y  o f  t h e  u p r a t e d  
S a t u r n  V ,  however ,  t h e  Mars f l y b y  s p a c e c r a f t  w e i g h t  w i t h  t h r e e  
l a u n c h e s  i n c r e a s e s  t o  1 8 5 , 0 0 0  l b s .  

Comparing t h e  r e s u l t s  o f  e l l i p t i c  o r b i t  r e n d e z v o u s  
( F i g u r e  2 )  and  c i r c u l a r  ( F i g u r e  3 ) ,  some s p e c i f i c  c o n c l u s i o n s  
c a n  b e  drawn.  F o r  t h r e e - l a u n c h  m i s s i o n s  o f  t h i s  u p r a t e d  
S a t u r n  V ,  e l l i p t i c  o r b i t  r endezvous  w i t h  two-s t age  l a u n c h  
v e h i c l e s  and  s t a n d a r d  S-IVC's p r o v i d e s  s l i g h t l y  b e t t e r  p e r f o r m a n c e  
t h a n  c i r c u l a r  o r b i t  r endezvous  w i t h  s t r e t c h e d  S-IVC's ( a b o u t  
3 2 0 , 0 0 0  l b s .  gross w e i g h t ) .  Compared o n l y  on t h e  b a s i s  o f  
t h e  s t a n d a r d  S-IVC, e l l i p t i c  o r b i t  r e n d e z v o u s  y i e l d s  a p p r o x i m a t e l y  
a 40,000 l b s .  i n c r e a s e  i n  pay load  for a g i v e n  m i s s i o n  AV. T h i s  
l a t t e r  f i g u r e  i n c r e a s e s  t o  about  75,000 l b s .  i f  t h r e e - s t a g e  
S a t u r n  V ' s  a r e  used  f o r  t h e  e l l i p t i c  o r b i t  r e n d e z v o u s  m i s s i o n s .  

A l t e r n a t e l y ,  t h e  use o f  e l l i p t i c  o r b i t  r e n d e z v o u s  w i t h  
t h r e e - s t a g e  l a u n c h  v e h i c l e s  c o u l d  r e s u l t  i n  one l e s s  l a u n c h  b e i n g  
r e q u i r e d ;  i t  i s  s e e n  by comparing F i g u r e s  2 and  3 t h a t ,  e . g . ,  t h r e e  
t h r e e - s t a g e  l a u n c h e s  w i t h  e l l i p t i c  o r b i t  r e n d e z v o u s  g i v e s  s l i g h t l y  
b e t t e r  p e r f o r m a n c e  t h a n  f o u r  l a u n c h e s  t o  c i r c u l a r  o r b i t  u s i n g  
s t a n d a r d  S-IVC's ( w i t h  s t r e t c h e d  S-IVC's t h i s  d o e s  n o t  h o l d ) .  

S t a n d a r d  S a t u r n  V ' s  (Non-Uprated)  - DAC C a l c u l a t i o n s  

S i n c e  t h e  non-upra ted  two-s t age  S a t u r n  V (SA-516)  
c a n  p l a c e  o n l y  a b o u t  265,000 l b s .  i n  a 1 0 0  x 2 6 3 . 5  n a u t i c a l  m i l e  
o r b i t  , t h e  " s t a n d a r d "  c i r c u l a r  o r b i t  r e n d e z v o u s  mode t h e r e f o r e  
r e q u i r e s  t h e  S-IVC t o  b e  o f f - l o a d e d  by a b o u t  2 0 , 0 0 0  l b s .  
Per formance  c a n  b e  improved i f  t h e  S-IVC i n s t e a d  c a r r i e s  a f u l l  
l o a d  of  p r o p e l l a n t  and  i s  s t a r t e d  s u b o r b i t a l l y ,  f o r  e i t h e r  
c i r c u l a r  or e l l i p t i c  o r b i t  r e n d e z v o u s .  I n  t h e  f o r m e r  c a s e ,  
t h e  S-IVC i n j e c t s  i t s e l f  i n t o  t h e  1 0 0  x 2 6 3 . 5  n a u t i c a l  m i l e  
o r b i t  and t h e n  c i r c u l a r i z e s  a t  2 6 3 . 5  n a u t i c a l  m i l e s ;  i n  t h e  
l a t t e r  c a s e  t h e  S-IVC s h u t s  down and  c o a s t s  i n  a 1 0 0  n a u t i c a l  
m i l e  c i r c u l a r  o r b i t  and  t h e n  r e s t a r t s  f o r  s e l f - t r a n s f e r  i n t o  t h e  
e l l i p t i c a l  r e n d e z v o u s  o r b i t .  
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C a l c u l a t i o n s  h a v e  been c a r r i e d  o u t  f o r  t h e s e  c a s e s  a t  
t h e  Douglas  A i r c r a f t  Space S y s t e m s  C e n t e r ;  t h e i r  r e s u l t s  a r e  
shown i n  F i g u r e  4 ( w i t h  t h e i r  da ta  c o n v e r t e d  from V m  i n  emos 
t o  AV above  c i r c u l a r  o r b i t ) .  The s p a c e c r a f t  was assumed t o  b e  
l a u n c h e d  b y  a th ree-s tage  S a t u r n  V ,  t h e  S-IVC's by t w o - s t a g e  
S a t u r n s .  These da ta  i n c l u d e  a l l o w a n c e s  f o r  4 %  g r a v i t y  l o s s e s  
and  3% p e r f o r m a n c e  r e s e r v e s  i n  t h e  A V ' S .  A l s o  shown f o r  
compar i son  a re  c u r v e s  f o r  c i r c u l a r  o r b i t  r e n d e z v o u s  w i t h  o r b i t a l  
s t a r t  o f  o f f - l o a d e d  S- IVC's .*  

The compar i son  o f  e l l i p t i c  and  c i r c u l a r  o r b i t  r e n d e z v o u s  
i n d i c a t e s  a n  i n c r e a s e  o f  about  4 0 , 0 0 0  l b s .  p a y l o a d  f o r  t h e  same 
number o f  l a u n c h e s .  Also  s i g n i f i c a n t  i s  t h e  f i g u r e  o f  a b o u t  
200 ,000  l b s .  p a y l o a d  f o r  f o u r  l a u n c h e s  on t h e  1977 t r i p l e -  
p l a n e t  f l y b y  w i t h  e l l i p t i c  o r b i t  r e n d e z v o u s  and  s u b o r b i t a l  s - I V C  
s t a r t .  T h i s  i n d i c a t e s  t h a t  any o f  t h e  J A G  b a s e l i n e  m i s s i o n s  c a n  
b e  c a r r i e d  o u t  w i t h  f o u r  non-upra t ed**  S a t u r n  V ' s  u s i n g  t h i s  
mode. 

Cone l u s i o n s  

1. E l l i p t i c  o r b i t  r endezvous  p r o v i d e s  s u b s t a n t i a l  p e r f o r m a n c e  
improvements  o v e r  c i r c u l a r  o r b i t  r e n d e z v o u s  by a l l o w i n g  
u t i l i z a t i o n  of t h e  f u l l  p e r f o r m a n c e  c a p a b i l i t y  o f  t h e  
l a u n c h  v e h i c l e s .  

2 .  Us ing  e l l i p t i c  o r b i t  r e n d e z v o u s ,  i t  s h o u l d  b e  p o s s i b l e  
t o  c a r r y  o u t  a l l  t h e  Mars f l y b y  and m u l t i - p l a n e t  f l y b y  
m i s s i o n s  i n  t h e  b a s e l i n e  JAG program w i t h  f o u r  l a u n c h e s  
o f  s t a n d a r d  S a t u r n  V ' s  or t h r e e  l a u n c h e s  o f  t h e  u p r a t e d  
S a t u r n  V c o n s i d e r e d  i n  t h i s  memo ( s t r e t c h e d  S-IC, 
u p r a t e d  F-3 and  J-2s). Venus f l y b y s  c a n  b e  a c c o m p l i s h e d  
w i t h  two u p r a t e d  S a t u r n  V's. 

3. There i s  no p o i n t  i n  u p r a t i n g  t h e  S a t u r n  V beyond a b o u t  
287,000 l b s .  (g ross  weight  o f  a n  S-IVC i n c l u d i n g  I U  
a n d  a f t  i n t e r s t a g e )  t o  low o r b i t  f o r  t h e  f l y b y  m i s s i o n s  
u n l e s s  ( a )  t h e  e l l i p t i c  o r b i t  r e n d e z v o u s  mode i s  u t i l i z e d  
or ( b )  t h e  S-IVC i s  " s t r e t c h e d "  to accommodate a g r e a t e r  
p r o p e l l a n t  l o a d ,  o r  ( e )  t h e  s p a c e c r a f t  weighs more t h a n  
287 ,000  l b s .  

n 
Hand c a l c u l a t i o n s  by t h e  a u t h o r  do n o t  bear  o u t  t h e  d i f f e r e n c e  

i n  s l o p e  of  t h e  p a y l o a d - v e l o c i t y  c u r v e s  shown i n  F i g u r e  4 compar ing  
s u b o r b i t a l  v s .  o r b i t a l  s t a r t  f o r  c i r c u l a r  o r b i t  r e n d e z v o u s .  R a t h e r ,  a 
d i f f e r e n c e  of  a b o u t  4 0 0  f p s  i n  AV i s  i n d i c a t e d  o v e r  t h e  e n t i r e  r a n g e  
of  p a y l o a d  w e i g h t .  However, t h i s  d i s c r e p a n c y  d o e s  n o t  a f f e c t  t h e  
c o n c l u s i o n s  o f  t h i s  memorandum. 

on t o p  o f  a n  S-IVB. 

**  
E x c e p t  f o r  m o d i f i c a t i o n s  r e q u i r e d  to a l l o w  t h e  h i g h e r  p a y l o a d  
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4 .  With u p r a t e d  S a t u r n  V's, a p p r o x i m a t e l y  t h e  same 
p e r f o r m a n c e  i s  a t t a i n e d  x i t h  s t a n d a r d  S-IVC's u s i n g  
e l l i p t i c  o r b i t  r endezvous  as w i t h  s t r e t c h e d  S - I V C ' s  
( A W p  : 5 0 , 0 0 0  l b s . )  u s i n g  c i r c u l a r  o r b i t  r e n d e z v o u s .  

5 .  I f  u p r a t e d  S a t u r n ' s  are  to be  used  f o r  e l l i p t i c  o r b i t  
r e n d e z v o u s ,  one or b o t h  of  t h e  f o l l o w i n g  a d d i t i o n a l  
m o d i f i c a t i o n s  w i l l  b e  r e q u i r e d  i n  o r d e r  t o  u s e  t h i s  
mode t o  bes t  a d v a n t a g e :  ( a )  r e s t a r t  o r  i d l e  mode 
( o n e  or two e n g i n e s )  c a p a b i l i t y  f o r  t h e  S - I1  s tage 
i f  u s i n g  t w o - s t a g e  S a t u r n  V's, ( b )  i n c r e a s i n g  t h e  
s t a c k  l i m i t  on t h e  S - I V B  to a t  l e a s t  t h e  gross weigh t  
o f  t h e  s p a c e c r a f t  i f  t h ree  s t a g e  S a t u r n ' s  a r e  to b e  
u s e d .  T h i s  l a t t e r  improvement i s  des i rab le  even  f o r  
non-upra t ed  S a t u r n ' s  s o  t h a t  t h e  s p a c e c r a f t  c o u l d  b e  
l a u n c h e d  by a t h r e e - s t a g e  S a t u r n  V .  

1 0  13-HSL-pdm H .  S .  London 

A t t a c h m e n t s  
F i g u r e s  1-4 
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